was defined based on a family risk score, which compares the family's age and sex-91 specific incidence of CHD to that expected in the general population. 10 All members of 92 these families were invited for a clinical evaluation (between 1993-1995) . Between 2002 93 and 2003, about one-third of the families (the largest families available who also had 94 genome-wide anonymous markers typed by the Mammalian Genotyping Service) of the 95 NHLBI FHS were invited to participate in a clinical examination that included 96 measurement of CAC with cardiac CT. In addition to the initial NHLBI FHS study 97 centers, an African-American center -University of Alabama at Birmingham -was 98 recruited from the Hypertension Genetic Epidemiology Network Study, where subjects 99 underwent cardiac CT but did not have dietary assessments. Of the 3360 subjects who 100 had data on cardiac CT, 1084 subjects did not have data on egg consumption at baseline 101 examination (1993) (1994) (1995) , 286 subjects were excluded for prevalent CHD, 68 subjects 102 had missing data on covariates (56 for income; 5 for diabetes; 3 for hypertension; and 4 103 for physical activity), 18 subjects were non-white, and 56 subjects were excluded for 104 extreme caloric intake (> 4200 and 3500 calories or <800 and 600 calories for men and 105 women, respectively). The final sample size for current analyses was 1848. Each 106 participant gave informed consent and the study protocol was reviewed and approved by 107 each of the participating institutions. 108
Assessment of egg consumption 109
Dietary information was collected through a staff-administered semi-quantitative 110 food frequency questionnaire developed by Willett et al. 11 The reproducibility and 111 validity of the food frequency questionnaire have been documented elsewhere.
12-13 Each 112 subject was asked the following question: "In the past year, how often on average did you 113 never, 1-3/month, 1/week, 2-4/week, 5-6/week, 1/day, 2-3/day, 4-6/day, and >6/day. Due 115 to sparse data, we collapsed adjacent categories while creating final exposure categories 116 of almost never, 1-3/month, 1/week, and 2+/week for stable estimates. 117
Measurement of calcified atherosclerotic plaque in the coronary arteries 118
Cardiac CT examinations were obtained using General Electric Health Systems 119
LightSpeed Plus and LightSpeed Ultra, Siemens Volume Zoom, or Philips MX 8000 120 machines. Examinations were performed using the same protocol as employed in the 121 NHLBI's Multi-Ethnic Study of Atherosclerosis.
14 The scans were performed using 122
prospective ECG gating at 50% of the cardiac cycle, 120 KV, 106 mAs, 2.5 mm slice 123 collimation, 0.5 s gantry rotation and a partial scan reconstruction resulting in a temporal 124 resolution of between 250 and 300 ms. Images were reconstructed using the standard 125 algorithm into a 35 cm display field-of-view. All subjects were imaged with a calcium 126 calibration standard within the imaging field (Image Analysis, Columbia, KY). The scan 127 through the heart was repeated after a 1-min pause during the same examination, 128 resulting in two sequential scans for measurement of CAC. The effective radiation 129 exposure for the average participant of each coronary scan was 1.5 mSv for men and 1.9 130 mSv for women. CT images from all sites were sent electronically to the central CT 131
reading center located at Wake Forest University Health Sciences, Winston Salem, NC. 132
Trained CT analysts using dedicated hardware (GE Advantage Windows Workstation) 133 and software (GE Smar-Score) identified CAC in the epicardial coronary arteries and an 134
Agatston score modified to account for slice thickness was calculated using a 130 CT 135 number threshold and a minimum lesion size of 0.9 mm (i.e., 2 pixel connectivity filter). 136
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Author Manuscript area and the density of the calcified plaques. 15 In this report, the sum of the vessel plaque 138 is reported as the total CAC score. Total CAC scores from the first and second measured 139 were then averaged. 140
Blood collection and assays 141
All participants were asked to fast for 12 h before their arrival at the study center. 142
Evacuated tubes without additives were used to collect samples for lipids. Triglyceride 143 concentrations were measured using triglyceride GB reagent on the Roche COBAS 144 FARA centrifugal analyzer (Boehringer Mannheim Diagnostics, Indianapolis). Serum 145 total cholesterol was measured using a commercial cholesterol oxidase method on a 146
Roche COBAS FARA centrifugal analyzer (Boehringer Mannheim Diagnostics, 147 Indianapolis). HDL-cholesterol quantification was performed with the above described 148 cholesterol method after precipitation of non-HDL-cholesterol with magnesium/dextran. 149
For samples with triglyceride concentrations less than 4.5 mmol/L (400 mg/dL), LDL-150 cholesterol was calculated using the Friedewald formula. 16 For subjects with higher levels 151 of triglycerides, LDL-cholesterol quantitation was performed on EDTA plasma by 152 ultracentrifugation. 153
Other variables 154
Information on cigarette smoking, alcohol intake, and education was obtained by 155 interview during the clinic visit. Resting blood pressure was measured three times on 156 seated participants after a 5-minute rest using a random zero sphygmomanometer and an 157 appropriate cuff size. For analyses, average systolic and diastolic blood pressures from 158 the second and third measurements were used. We used the seventh Joint National 159
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure 160 classification to define hypertension (stages 1 or 2; systolic blood pressure of at least 140 161 mm Hg or diastolic blood pressure of at least 90 mm Hg) or if the subject reported that, 162 he/she was currently being treated for hypertension. Dietary information was obtained 163 using a food frequency questionnaire. Level of physical activity during the previous year 164 was estimated through self-reports. Anthropometric data were collected with participants 165 wearing scrub suits. Diabetes mellitus was considered present if a subject was taking 166 hypoglycemic agents, if a physician had told the subject that he/she had diabetes mellitus, 167 or if fasting glucose was above 7 mmol/L. Prevalent CHD was defined as a self-reported 168 history of myocardial infarction, percutaneous transluminal coronary angioplasty, or 169 coronary artery bypass graft. All variables used in these analyses were ascertained during 170 the initial examination (1993-1995) except for CAC scores, which were obtained during a 171 follow-up examination (2002) (2003) . 172
Statistical analysis 173
CAC was dichotomized into Agatston CAC score of 100+ versus less than 100, as 174 described previously. 17 To correct for the effect of familial clustering, we used 175 generalized estimating equations to calculate the prevalence odds ratios with 176 corresponding 95% confidence interval for the presence of CAC across categories of egg 177 consumption. Model 1 was adjusted for age (continuous) and sex. Model 2 adjusted for 178 age, sex, field center, body mass index (continuous), smoking (current smoker Y/N), 179 alcohol intake (current alcohol intake Y/N), physical activity (quartiles of total MET-180 min/wk), income (<$25,000, $25,000-<$75,000, ≥$75,000), bacon consumption (almost 181
UU IR Author Manuscript UU IR Author Manuscript
University of Utah Institutional Repository
Author Manuscript never, 1-3/month, 1/week, and 2+/week), and caloric intake (continuous). Model 3 was 182 additionally adjusted for history of hypertension (yes/no) and diabetes (yes/no). 183
In secondary analysis, we calculated the odds ratio per SD using different CAC cut-184 points (CAC >0 and CAC>50) as well as sex-specific analyses. All analyses were 185 completed using SAS, version 9.2 (SAS institute Inc, Cary, NC). All p -values were 2-186 tailed and significance level was set at an alpha of 0.05. 187
Results
188
Of the total 1848 subjects, 41% were men and the mean age was 56.5 years. 189 consumed 2-4/week; 10.1% consumed 5-6 eggs/wk; 7.9% consumed 1egg/day; 2.4% 196 consumed 2-3 eggs/day; 0.2% consumed 4-6 eggs/day; and 0% consumed 6+ eggs/day. 197
There was no association between egg consumption and prevalent CAC. In this study, we did not find an association between egg consumption and prevalent 222 CAC in adult subjects free of prevalent CHD. The fully adjusted model and an additional 223 model controlling for both hypertension and diabetes did not show an association. The 224 lack of association was also observed when using CAC cut points of 0 and 50 and when 225 found an inverse association between egg consumption and coronary atherosclerotic 231 burden as determined by angiography. 23 To our knowledge, this is the first study to 232 examine whether egg consumption is associated with prevalent CAC. 233
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While one prospective cohort of 514 Australian Aborigines with ~14 years of follow-234 up showed an increased risk of CHD in subjects consuming >2 eggs per week 18 , the 235 majority of prospective cohort studies have found no association between egg 236 consumption and risk of CHD.
19-20 The latter finding was further supported by a recent 237 meta-analysis of six studies between 1999-2011. 4 However, another recent systematic 238 meta-analysis found a dose-response relationship between egg consumption and both 239 cardiovascular disease (CVD) and diabetes. 5 In the analysis by Li et al 5 , twelve relevant 240 papers were selected using coronary heart disease, ischemic heart disease, and congestive 241 heart failure as CVD outcomes. Their findings of increased risk of CVD with increasing 242 egg consumption contrasts with the majority of findings in recent literature, while the 243 positive association between egg consumption and risk of CVD in both diabetic men and 244 women in the US has been supported by few studies.
19-20 Indeed, in a prospective cohort 245 study of Greek adult diabetics, consumption of one egg (~40gm) was associated with a 246 fivefold increased risk of death by CHD. breadstuffs; thus egg consumption may be a marker of specific dietary patterns. We only 273 had baseline dietary assessment and were unable to capture changes in dietary habits that 274 may have occurred over time and could affect CAC outcomes. It is also possible that a 275 lack of an association between egg consumption and CAC may be partially due to a 276 younger age of our population and the fact that coronary calcium assessment may only 277 identify calcified plaques. The subgroup analysis of diabetic individuals had a small 278 sample size and thus our ability to draw conclusions is limited. Furthermore, we had one 279 single measurement of CAC and cannot account for change in CAC over time nor 280 distinguish CAC development unrelated to egg intake. 281
Strengths of this study include the detailed dietary questionnaire; a large sample size; 282 and robustness of findings in sensitivity analyses using various cut points to define 283 prevalent CAC. 284
In conclusion, we found no relationship between egg consumption and prevalent 285 CAC in this population. 286
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